keeping devices, etc., and lens-like objects were used as symbols of purity in religious settings, for medicinal use, as amulets and charms, as decorative elements (e.g., in jewelry and architecturally), etc.
Forms of concave mirrors were among the earliest visual corrections. 5 These were already well known and employed in Roman times and were discussed by the Roman citizen Seneca (4 BC to 65 AD). In his text "Natural Questions," he discusses not only concave mirrors already being used as visual corrections or magnifiers, but he also reports that he filled a round glass Roman flask with liquid and used it as a reading aid. 1, 5 In effect, he had created a lens serving as a refractive correction. 1, 5 He also compared the optical qualities of this lens to those of existing mirrors used for comparable purposes. Was this the first use of a flask filled with fluid to be used as a lens? This seems unlikely.
Spectacle lenses first appeared in ca 1280 AD, most probably in Nothern Italy. [6] [7] [8] Between the early Egyptian utilization of lenses, the time of Seneca, and the first announcement of spectacles in Florence, a number of lenses or lens-like objects have been described in quite a variety of locations (Western, the Levant, the Americas [e.g., Moche peoples of Peru], etc.). [1] [2] [3] [4] [5] The time period between the first-known Egyptian lenses and the first description of spectacles in Florence spanned more than three millennia. During that period, such items would have had great value and probably were developed and used by artisans (and later monks) for detailed and visually demanding tasks and seem to have been employed on a sporadic basis.
Spectacle corrections, per se, after their first description, came into relatively broad use after only a few decades. 7, 9 This suggests that added developments had occurred in materials employed, manufacturing, cost control, development of some form of specification of lens power, and enhanced marketing techniques. Such issues are considered by Ilardi. 7 The first known depictions of spectacle lenses recorded in Spain are dated about 1468. 10 For early examples of visual corrections and spectacles in Spain, please refer to the extensive work of Devesa. 6 Much ancient knowledge of optics must have been introduced into Spain and the European continent via the lengthy Arabic/Moorish influx into Iberia. We concentrate here on limited Western European developments because our interest is in the fate of a distinguished (most probably) Spanish-born gentleman who spent most of his life in "New Spain."
Early spectacles displayed in paintings and in sculptured items were not necessarily associated with the individual shown wearing these visual corrections, but rather they also could be a sign of special achievement or distinction in their lives (e.g., see Gibbs 9 ). The first record of a pair of spectacles is found in a fresco in the Dominican Chapter House of St. Nicolo in Treviso, Italy (Veneto region). This appeared in the years just after Black Death, ca 1349 to 1350. 5, 9 Two forms of mirror, a magnifier and a pair of spectacles are seen in this group of frescos. None of the holy fathers depicted are known to have utilized these optical devices. There are earlier depictions or descriptions of magnifiers and mirrors in the literature of a number of countries in the World. An often-quoted example, the Greek writer Aristophanes in "The Clouds," speaks of use of a burning glass/lens and, separatelt, a mirror in a box as well as a number of related phenomena.
There is considerable lack of knowledge regarding the use and early introduction of visual corrections in the Iberian peninsula. A number of meaningful factors contribute to this deficit. Historians do not commonly consider the history of Spain from these points of view, i.e., possible technological developments occurring during the Renaissance in Iberia are poorly recorded. 10 A lack of bibliographic sources exists, and there is a difficulty in obtaining the relevant research material. 6 The history of the Iberian peninsula during this time period is very complex and even "tormented" due to military invasions and numerous sociopolitical and religious problems. These factors apparently resulted in loss of relevant supporting evidence and limited availability of resources for study of the history of lens use for vision correction and other purposes.
A very important part of the history of Spain from the late XVth Century onward is associated with Columbus' voyages to the Americas from 1492 onward. The subsequent development and expansion of resultant Spanish Colonies in that area is of interest to us here. With expansion of the emerging Spanish Colonies, one assumes that a meaningful effort was needed from a technological and scientific point of view to address problems related to growing needs and demands in these colonies. Once again, there is a paucity of available historical records. As examples, we have found civil and military construction during that époque to be poorly represented, as is technology associated with marine navigation, development and exploitation of mines, etc. Some of these issues will be discussed later based on data located at the General Archives of the Indias in Seville, Spain.
There were developments in support of education and research in the Spanish Colonies. The University of Mexico, founded in 1553 by Luis de Velasco (father), included a faculty of medicine. There is a reference to a book on physics, Phisica Speculatio, written in Latin by Priest Alonso de la Veracruz (who was also the founder of the University of Michoacán). This book was printed in Mexico City at the atelier of Juan Pablos in 1557. The importation of the first printing press into Mexico occurred in 1536. This XVIth Century event was 104 years before the first printing press was imported into the British Colonies in the future United States of America.
11 This is important when one considers development of cultural resources in the New World.
INTRODUCTORY CHRONOLOGICAL DATA
To seek to minimize confusion between Luis de Velasco (father and son), throughout the text we refer to the second Viceroy of these Spanish territories (1550 to 1564 AD) as "the father." Both father and son were very important individuals in the XVIth century. They organized a large number of explorations throughout the American continents and benefited from the favors and influence of the then King of Spain, Phillip II (Table 1) . Importantly, both the father and the son sought meaningfully to improve the lives of Native American populations. This contrasts with the unfortunate treatment of Native Americans by numerous others. Here, we do not consider their lives in detail, rather we discuss issues relevant to this research. There is an excellent biography of the second Viceroy (father), with many comments of interest regarding the life of his son. 14 When one examines the life of Luis de Velasco (son), one encounters marked controversy relative to the chronology (Tables 2  to 5 ). We present in as orderly a manner as possible a picture of events, but there are a number of uncertainties. This section of this article leans heavily on data obtained during lengthy visits to the General Archives of the Indias in Seville.
Relative to the chronology developed in 
T1
This area was named New Mexico, and there was also expansion along the Northern Coast of California.
There are useful Internet sites providing added data/information on the Viceroys of Mexico. 20 Included are the drawings/paintings of the several Viceroys.
USE OF SPECTACLES IN THE SPANISH COLONIES IN THE AMERICAS IN THE LATE XVIth CENTURY
There is a portrait of Luis de Velasco (son) executed during his first term as "Viceroy of the New World, New Spain, and New Mexico." It has great historical value. It is situated in the Museum of the Pecos National Historical Monument, which is near Pecos, New Mexico; Pecos is not far from Santa Fe. This historical monument is at the terminus of the "Pecos trail" which led west across the modern-day United States of America. This photographic copy was first noted by author JME during a visit to the museum at that site some years ago. The copy of the portrait of de Velasco (son) has no information as to the artist nor date of its being painted and is of excellent quality (Fig. 1) .
The Viceroy is shown wearing spectacles, there is a hint of some anomaly in the left eye, and prismatic effects are seen through the painted lenses. The lenses are mounted in a frame and have round contours. There is a "pince nez" form of bridge to help secure the frame to the nose. The relatively rounded shape of the arched bridge, the so-called "quevedos," oft-times made from whale baleen (a comment by Dr. J. William Rosenthal), appeared in the XVth century. There is a nonrigid temple structure (ear loops) made with fabric or organic material used to maintain the contact between the frame and the ears.
Prof Metropolitano-Mexico City's Government building-in La Galeria de Los Retratos , and still another in the Museo Franz Mayer also on Av. Hidalgo opposite the Alameda Park]). Construction at some of these sites makes accessibility of some of these portraits questionable.
Reproductions of Fig. 1 (all in black and white) appear in a variety of locations, including the first Internet page cited, which is from the National Archives of Mexico.
20 However, at this Internet site, there is confusion among the portraits. For example, Luis deVelasco's (father) portrait is shown both during his own term and also as serving (long alter his death) during the first term of de Velasco (son), and the portrait from the son's first term is presented during his second term as Viceroy.
In The portraits of de Velasco (son) during each of his two terms as Viceroy are very similar. This suggests that he actually wore this correction. The only differences observed in the two black and white copies of these viceregal portraits are in the gray-white color of de Velasco's beard and hair in the later portrait, the position of his one hand (during his second term), and a very slight reduction in the bowing of the bridge on the second portrait. Otherwise they seem identical.
It is also true that Luis de Velasco (the son) was considered a learned person of his time (as was his father). Among the son's several initiatives, he founded the Royal Hospital in Mexico City, and he had interest in mining technology (e.g., he opened new mines in St. Louis Potosi); he organized exploratory expeditions (e.g., to "New Mexico" in the future United States, etc.).
We assume Luis de Velasco (son) did wear the correction shown in Fig. 1 . He is the first of the viceroys shown wearing spectacles in this set of portraits.
WHERE AND WHEN WERE THE SPECTACLES OBTAINED?
We have struggled with the question of whether de Velasco (son) obtain his spectacle correction during his long period of residence in Mexico and other venues within the Spanish Colonies (including parts of the future U.S.) or whether these spectacles were obtained in Europe during his residence there from 1585 to December 1589. He returned to Mexico late in 1589 to begin his first term as Viceroy in 1590. To resolve the questions, the status of optical and ophthalmic development in the Spanish Colonies in the Americas is reviewed briefly below (this evidence is very fragmentary), but it was logical to assume that if such technology was available in Colonial centers, the Viceroy would have had access to it. de Velasco's travels and roles in Spain and Europe between 1585 and 1599 were examined for any hint of purchase/adaptation to the spectacle corrections. There is a rather unique and time-sensitive feature found in the de Velasco frame, that is, the presence of "ear loops."
In the booklet by Davidson and MacGregor, Spectacles, Lorgnettes, and Monacles, there is a table, "English Terminology for Spectacles," by MacGregor dated January 13, 1999. 21 It provides an outline of visual corrections and spectacle development since 1285 AD. In this table, under the heading "Nose Spectacles Without Temples (Sides)" the following entry is found: "circa 1580, Spanish spectacles with ear loops" were introduced (words in italics are implied-note added by authors). There is no citation associated with this statement, although there are limited references provided for the book as a whole cited on p. 40. 21 We also have available a copy of an engraving of an individual wearing spectacles with ear loops dated 1580 AD (stated as being of Spanish origin) from an unattributed source-possibly English.
Corson 22 states that ear loops were developed in Spain and Italy in ca 1580. He presents an engraving of a painting by J. Rottyer, ca 1580 or 1581, of Girolamo Capivaccio, a Professor of Philosophy and Medicine in Padua, Italy. Capivaccio is shown wearing bridged spectacles with ear loops. 22 In this same citation, it is noted that Spanish Jesuits introduced ear loop spectacles to the Chinese, who utilized them broadly for the following 200 years.
In Mexico, there is a portrait of Don Manuel de la Bárcena, a member of the Provisional Committee of the Mexican government, whose members signed the Charter of Independence of the Mexican Empire in Mexico City, September 28, 1821. Here, too, although a different frame is seen, ear loops were being used in Mexico Ͼ200 years after the viceregal terms of de Velasco (son). Fig. 2 , courtesy of Dr. Carmen Tato, shows a profile view of Bárcena.
El Greco's (1548 to 1614 AD) "Painting of a Cardinal" is found in New York City. In the gallery, the painting is stated to be ca 1600 AD. 23, 24 This painting is part of the donated Havemeyer Collection at the Metropolitan Museum of Art. The Cardinal is shown wearing ear loop spectacles. It is generally stated that this is a painting of the Inquisidor-General, Cardinal Don Fernando Niño de Guevara, who visited Toledo between 1599 and 1601. The curators at the Museum state that it is not whether this is a portrait of de Guevara because there were two other resident Cardinal Archbishops in Toledo at the same time. They were Don Gaspar de Quiroga and Don Bernardo de Sandoval y Rojas.
Thus, the ear loop spectacles worn by Luis de Velasco (son) during his terms as Viceroy, 1590 to 1595 and 1607 to 1611, are consistent with the introduction of ear loop temples in about 1580 in Spain and Italy. His ear loops are a bit different than others portrayed, i.e., they have a single temporal strand with a near circular loop over each ear. Others have a loop originating at the temporal end of the spectacle frame; the material employed loops around the ear and returns to the same position on the spectacle frame (as in Fig. 2 ).
Accepting that de Velasco was in Spain between 1585 and 1589 and probably served as Ambassador to Flanders or Florence (see chronologies below), it would be reasonable to suggest he could have readily obtained these spectacles in Europe. However, as indicated above, even reasonably new technology should have been available in the Colonies-at least to the Viceroy of New Spain. The latter assumes that some individual in at least one of the colonial centers was capable of properly selecting, fitting, and, by inference, maintaining de Velasco's spectacle correction. Maintenance of the lens/frame combination had to be addressed, regardless of where he obtained the spectacles. It is possible that he had more than one pair, but they would still need to be fitted, adjusted, etc. Thus, the issue of where and when he obtained the spectacle correction remains as yet unresolved.
DATA ON OPTICAL TECHNOLOGY IN THE SPANISH COLONIES
It is important to clarify the state of the Colonies with respect to certain technological advances during the pertinent time period. This is based on details of possible instrumentation requiring optical technology. If one inspects the section "Maps, Charts, Engines and Samples" located in the General Archives of the Indias in Seville, one encounters Ͼ10,000 documents. All of the following items are mentioned in the Archive titled "Audiencia de Mexico." They are presented in approximately chronological order: 1. Astronomical observations of the moon, dated in Puerto Rico between 1561 and 1600. 2. Design of a grid system and a spyglass dated 1633 without reference to a specific location. 3. A drawing describing the construction (or plans) of the telescope located on the jutting rock of "El Morro" in the port of La Havana, Cuba. This drawing is from a document dated 1809. It is probable that the idea and design for this telescope occurred earlier than this date. 4. A meaningful number of military patents. 5. So called "objects for sale," among which, for example, there was a form of magnifier used to inspect the quality of fabrics and other elements. 6. Techniques for scuba diving A curious design named "hydroandric machine designed for wear under water." This device, designed by Alejandro Durand in 1720 in Lima, Peru, was comprised of goggles (made of glass) and was used to protect the eyes of the individual wearing them in an aquatic environment. Dr. J. William Rosenthal (personal communication) pointed out to JME that the first trade establishment created at the Jamestown Colony in Virginia (1608), was a "glass house" which failed as a business. This indicates the importance of such a service and suggests the availability of a pair of skilled hands within the group of settlers. In his book, Rosenthal 25 also calls attention to glass being made in 1535 in Puebla de Los Angeles, Mexico, and also in Cordova del Tucamen, Rio de La Plata Territory, Argentina, in 1592. However, no details nor citations are provided that discuss whether spectacles were made at these locations. Once again, we argue that associated with the expansion of the Colonies, an important influx of European technology took place. This most probably resulted in the creation of infrastructural resources particularly at critical locations, e.g., in Mexico City (built on the ancient Aztec City of Tenochtitlán), in the city of La Havana, in San Juan de Puerto Rico, in Lima, and in other places of special relevance. So saying, available evidence is limited suggesting establishment of ophthalmic services. However, the growing numbers of individuals present in these colonies and the aging of those present in the colonies argues for development of some such services.
THE THIRD PORTRAIT
A third portrait of Luis de Velasco (the son) exists. It also includes the father. 12, 13 This is a painting located in the Museum of the Colegiata de San Luis in the village of Villagarcia de Campos (Valladolid, Castilla). According to the historian Demetrio Ramos, 12, 13 in the complete painting (key portions of the painting are seen in Fig. 3 ), Luis de Velasco (son) is painted as a young man standing close to his father, and there appear three added individ- ' s portrait is that of a young man who is depicted not wearing a visual correction. His eyes were depicted as blue and appeared distinctly different from all others in the painting (discussed in greater detail below). They also look a bit "puffy," or he may have had a bit of a squint (also see Fig. 1 ).
DISCUSSION OF TABLES
There are important discrepancies in the assembled chronologies as they relate to this analysis, particularly as regards de Velasco's date and place of birth. At the time he first became Viceroy in 1590, Table 2 , had existing optical resources of note at that time. Given other considerations, these two locations were then most probably more advanced in optics than New Spain and possibly more advanced than Spain. There are suggestions that de Velasco (son) served in other posts in Mexico during the 5-year period before his becoming Viceroy for the first time.
The picture shown in Fig. 3 is important in a number of regards. It is not clear whether this painting was created after de Velasco's death in 1616 (Table 3) or in 1617 (Tables 2, 4 , and 5), or at an earlier time. The postmortem or briefly antemortem time of painting this portrait was suggested by a number of sources. It was donated to the Colegiata de San Luis near Valladolid in the midXVIIth Century by a member(s) of the de Velasco family. The artist was Juan Dualde, and the painting is signed but not dated. This large painting is bolted to the wall above a door. There is some information written on the reverse side, but this was not accessible to us, nor were the written comments known to the Fathers present, nor is this information stated in the inventory of the Colegiata de San Luis.
In Fig. 3 , the age of the son appears to be in his early 20s. As stated above, he is shown with blue eyes (all other individuals T2   T4   T5   T5   T3   T4   T5   F3   T5   F3 portrayed have dark iridis). He has a paler complexion, rather puffy eyelids, and possibly some suggestion of convergent eye turn. Is it possible that he was an accommodative esotrope? He had dark hair, but not quite as brown or dark as his father's.
There is a near-vertical lineal fleck of paint missing that extends from above the son's upper lid margin across his left iris (the missing fleck is perhaps 1.0 mm wide and appears white). Flecks of paint are missing at a number of locations on the painting. Fleck frequency supports the notion that the painting had been rolled up one or more times over a period of time and/or was subject to rough handling. There are also differences in fleck orientations. When observing the full-color original, many of the white flecks are not as obvious as when gazing at this black/white/gray scale rendition of the painting (Fig. 3) .
In comparison, Fig. 1 shows de Velasco (son) in his middle years wearing glasses and having dark iridis. However, copies of the official portraits of the viceroys are shown in black and white, and we cannot judge iris color from such renditions. Thus, we will not comment further on this point. Further research on this matter needs to be conducted on the original portraits of the viceroys in Mexico. The second Viceregal portrait adds virtually no information except that he had aged. In candor, the second portrait appears as a slightly modified copy of the first portrait. In Fig. 1 , there seems to be some irregularity present associated with his left eye.
As indicated, we do not know when Fig. 3 was painted by Juan Dualde. Although there are statements indicating that it was painted late in the life of de Velasco (son), 12, 13 one can just as well argue that it was painted earlier in Mexico and carried rolled up to Spain. It was later framed and then finally placed in the Chapel of Doña Inez de Salazar y Mendoza. As noted, the painting includes de Velasco, father and son, the first Bishop of Mexico, who was a distinguished Franciscan Father, and another Franciscan. Also seen is the recently declared saint, the first Native American so declared, Juan Diego (head leaning over the top of the sheet-like cloak with the image of the Virgin of Guadaloupe). The general theme of the painting is related to the very sincere and enduring Mexican devotion to the Virgin of Guadaloupe, and the association of that devotion to the (now) Saint Juan Diego. The Velascos belonged to an old noble family of Castilla with strong ties to the Colegiata. Therefore, it is not strange that they would wish to be represented in a painting that was going to be given to the Colegiata de San Luis in Villagarcia de Campos near to Valladollid, and given the history of father and son, it is reasonable that this painting exhibits strong Mexican influences.
The specific features recorded in this picture raise questions relating to when de Velasco (son) received a probable visual correction for either hyperopia and/or presbyopia or both. It would be desirable to know when this painting really was executed. That is, did the artist paint the subjects from life, or from descriptions provided by family member(s) or friends? Does this picture portray father and son while the father was Viceroy? It is unfortunate that the age of de Velasco (son) seems so uncertain. Considerable caution in interpretation must be exercised.
As noted, the painting depicted in Fig. 3 hangs in the Colegiata de San Luis. The local guidebook has considerable information on a number of the involved personages. We have explored this site. This Colegiata was an important training site for Jesuit missionaries, a large number of whom were trained to serve the native populations in New Spain. Such a role was also featured in the administrative actions of both of the de Velasco Viceroys. The Jesuits played a meaningful role in educating, making health care available, and providing appropriate employment for the Native American population(s). As a familiar example, the young missionaries pictured some years ago in the movie "the Mission" were trained in this Colegiata (the story portrayed in that movie was largely based on fact).
The Colegiata was funded by the de Ulloa family and built in 1580; it had 350 scholars in residence by 1585. Doña Magdelena de Ulloa (died 1598) was related to the de Velasco family. A book on her life has recently been written. 12 In another reference, Arte Americanista, it was stated that Demetrio Ramos recorded the donation of the painting (Fig. 3) to the Colegiata. 13 The painting apparently hung without a frame for some years until the wife of Antonio de la Cerda (23rd Viceroy of Nuevo Espaòa, 1680 to 1686) paid to have it framed in 1689.
No additional evidence on these matters has been found by us. We await the book cited in preparation by Schwaller 18 and receipt of a copy of the Salazar Andreu book. 16 
CONCLUSIONS
We conclude that lens technology necessary for correcting vision and provision of spectacles could have been available in the New World Spanish Colonies during the time of service of Luis de Velasco (the son), and, if so, it is likely that the Viceroy would have had access to that technology. Luis de Velasco (son) had lived and served in Mexico for a lengthy period of time when his first portrait as Viceroy was painted (Fig. 1) . However, before assuming the position of Viceroy, he returned to Spain between 1885 and December 1589. While there, he served in ambassadorial roles for the King Philip II of Spain either in Flanders or (and) Tuscany (Florence). The spectacles shown in Fig. 1 could also have been obtained readily either in Spain, Italy, or Flanders. While the latter seems the more likely scenario, no definitive statement can be made.
Please distinguish between first spectacle use and first known use of visual corrective devices in the Americas, New Spain and in the future United States. Only the latter of these two is considered here. As just stated, we do not know where de Velasco (son) obtained his visual correction. We assume that he actually wore them because they appeared in both of his formal portraits during his separated terms as Viceroy and evidence for lens-induced aberrations and some ocular anomaly exists in, at least, the first of these portraits and possibly the third (Kurt Bernardo Wolf. Personal communications dated February 5 and 9, 2003. Also, personal communication by Arq. Raphael Fierro Gossman of Mexico City, Feb. 18, 2003.) . During the time periods he served as Viceroy, there is meaningful evidence that "the son" traveled in parts of the future United States (California, New Mexico, and Florida), and he organized an exploration specifically in the future New Mexico during his first term as Viceroy (see an important entry in Table 5 ).
De Velasco's (son) first term occurred before the settlement of the early French, Dutch, Swedish, and British Colonies along the East Coast of the North American Continent, i.e., before the initiation of the Virginia colonies (Jamestown, etc.) (1607), and the Plymouth Colony in Massachusetts (1620), but contemporary 
